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Abstract. Experiments on measuring the temperature rise in concrete during cement
hydration are still relatively new and not yet widely applied in Vietnam. The objective of this
experiment is to evaluate the temperature rise from cement hydration for each concrete mix
design. This evaluation enables the quick selection of an appropriate mix design for
construction projects, such as bridge construction. This paper presents a model of an
experimental device for measuring the temperature rise in concrete. The key results achieved
include designing the system’s block diagram, developing a temperature compensation
control algorithm, fabricating a complete experimental device for measuring concrete’s
temperature rise, and enabling remote monitoring and operation via the internet. The
experimental results can be extracted in Excel format. The integration of devices such as
temperature controllers, internet connection equipment, and PLC controllers enhances the
device's fabrication speed, reliability, and convenience while maintaining reasonable costs.
The research findings contribute to promoting the widespread application of temperature rise
measurement experiments for concrete in Vietnam.

Keywords: adiabatic temperature rise, heat of cement hydration, adiabatic calorimeter, heat
compensation control.
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Tom tat. Thi nghiém vé do nhiét thiy hda cia xi mang cho bé tdng van con kha méi mé va
chua duoc ap dung rong rdi ¢ Viét Nam. Muyc tiéu caa thi nghiém nham danh gia nhiét thay
hda ciia xi ming twong (ng Vai ting cap phdi bé tong. Tir do, co thé lua chon loai cap phdi
hop 1y cho cong trinh xay dung (chang han nhu cong trinh cau). Bai bao nay trinh bay mot
md hinh thiét bi thi nghiém do nhiét 6 doan nhiét cho bé tong. Mot sé két qua dat dugc bao
gom: thiét ké so dd khéi hé thdng, thuat toan diéu khién bu nhiét, ché tao hoan chinh thiét bi
thi nghiém do nhiét d6 doan nhiét cho bé tdng, thiét bi cho phép theo d&i va van hanh tir xa
trén internet, két qua thi nghiém c6 thé trich xuat duéi dang file excel. Viéc tich hop cac thiét
bi nhu bo diéu khién nhiét do, thiét bi két ndi internet, bo diéu khién PLC gilp viéc ché tao
thiét bi tré nén nhanh chéng, hoat dong tin cay, nhiéu tién ich ma van dam bao chi phi hop ly.
Két qua nghién ctru caa nhém gép phan thuc ddy viéc ap dung rong rai thi nghiém do nhiét
d6 doan nhiét cho bé tdng tai Viét Nam.

Tir khoa: do nhiét do doan nhiét, nhiét thiy héa cua xi mang, thiét bi do nhiét d6 doan nhiét,
diéu khién bu nhiét.

@ 2025 Truong Dai hoc Giao thdng vdn tai

295


https://doi.org/10.47869/tcsj.76.3.8

Transport and Communications Science Journal, Vol 76, Issue 3 (04/2025), 294-304
1. PAT VAN PE

Thay hoa 1a qua trinh xi ming phan @ng véi nude va cac thanh phan khac dé tao thanh bé
t6ng, mot lugng nhiét s& dugc toa ra sau mot thai gian phdi tron. Néu bé tong khdi 16n ¢6 su
chénh léch nhiét d6 giita cac ving, va kém theo cac diéu kién kim gitr s& gay ra ung suat dan
dén bé tong bi nut. Do do6 viéc xac dinh chinh xac nhiét thuy héa cua xi méng ngay t giai
doan thiét ké cap phdi 1a rat quan trong. Két qua nay 1a co sé dé lva chon loai cip phéi ciing
nhu phuong an giam nhiét cho bé tdng trong qua trinh thuy hoa.

C6 hai phuong phap thi nghiém phd bién dé do nhiét luong thiy hda cua xi ming 1a
phuong phap ban doan nhiét va doan nhiét [1]. Phuong phap ban doan nhiét thuc hién do
nhiét lugng caa mau bé tong khéi 16n hoac mau nho duoc boc cach nhiét. Phuong phéap do
ban doan nhiét dién hinh nhu phuong phap Mockup. Nhuoc diém cua phuong phap ban doan
nhiét 1a khong do dugc chinh xac nhiét luong thuy héa. Cho dén nay Nhat Ban va cac nudc
Chau Au da phat trién phuong phap thi nghiém doan nhiét cho bé tdng va su ra doi cia cac
tiéu chuin JCI-SQA3 (Nhat ban) [2] hay EN 12390-15:2019 (Chau Au) [3].

Thi nghiém doan nhiét dwa trén nguyén ly can bang nhiét do giira bén trong mau va moi
truong bén ngoai. So vaoi phuong phap thi nghiém ban doan nhiét thi phuong phép thi nghiém
doan nhiét yéu cau nhiéu thiét bj hon va diéu khién phuc tap hon, doi lai thi phuong phép nay
do duogc chinh xac nhiét lvgng thuy hoa cua xi mang.

UPS

Mach cap nguén
va khuéch dai tin Bé chm én|
hiéu cam bién do1 u)c

! ——

ﬂgcxvlg BomachvaRole
‘Tam Polystyrene |
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|57 Muyc nude i+ Thing miu
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| Z Ciam bién
“ ) ?: nhiét 36
( ) é‘ Thiét b1 =
[ g g1a nhiét
z
Nudc

“
Vol

May tinh

Thing dung miu Cim bxen nhiét 46
bé téng mau bé tong

Hinh 1. So d6 nguyén ly cua thiét bi do doan nhiét [4].

Trong Hinh 1 14 so d nguyén 1y co ban cua thiét bi do doan nhiét dugc dé nghi boi
Gibbon va cong su [4], ngoai tinh ning do luong nhiét d6 thi phan mém may tinh can diéu
khién nhiét d6 nudc bén ngoai dé dam bao khong xay ra mat mat nhiét do tir mau bé tong ra
bén ngoai va nguoc lai khong dé nhiét tir ben ngoai truyén vao mau bé tong.
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Ngoai hai phuong phdp thi nghiém ban doan nhiét va doan nhiét thi viéc xac dinh nhiét
lwong thuy héa cua xi mang ¢ thé duoc thuc hién bang phuong phap thuc nghiém [5], ,[6].
Phuong phap thuc nghiém 1a phuong phap do nhiét luong thuy héa cua xi ming thyc té tai
cong trinh.

Hién nay & nudc ta viéc xac dinh nhiét luong thiy hda cua xi mang chi yéu van sir dung
phuong phap ban doan nhiét [7]. Viéc ap dung phuong phap thi nghiém doan nhiét cho bé
tong xi mang van con chua phd bién, minh chimng bang viéc chua c6 Tiéu chuan Viét Nam
(TCVN) vé xac dinh nhiét thuy héa theo phuong phap doan nhiét. Nghién ctiru danh gia nhiét
thay hoa trong bé téng khéi I6n bang cac phuong phap thuc nghiém va md phong sé da trinh
bay hai phuong phap thi nghiém do lugng nhiét thay hoa cua bé tong 1a phwong phap Mockup
va phuong phap doan nhiét [8]. Khac véi nghién cau [8] sir dung moi truong gia nhiét la
khong khi, bai bdo nay nhém nghién ciru st dung moi truong gia nhiét 1a nude vi nude co hé
s6 dan nhiét 1on hon so voi khong khi. Bé diéu khién nhiét d6 dugc nhanh va chinh xac thi
nhém nghién ciru da sir dung bo diéu khién PID [9], xay dung thuat toan diéu khién cho bo
diéu khién PLC. Sau d6 tién hanh thiét ké, ché tao thiét bi thi nghiém do nhiét do doan nhiét
cho bé téng. Cudi cung la thir nghiém va danh gia két qua. Ngoai ra, nhdm nghién ciu ciing
da tién hanh tich hop loT vao hé théng gilp viéc thu thap, quan ly va trich xuat di liéu mot
cach nhanh choéng va thuan tién.

2. THUAT TOAN PIEU KHIEN

2.1. Khao sat dac tinh gia nhiét

Hinh 2 trinh bay bon chaa, b phan gia nhiét va khudn chira mau bé tong. Bon chia la
hinh tru tron c6 foam cédch nhiét & gitra, kich thudc bén trong 27cm x 50cm (duong Kinh x
chiéu cao). Bon chira ¢6 kha niang chira 20L nudc dé cb thé ngam toan bo khudn chira mau bé
tong. Khudn chira mau bé tong cd kich thugc 25cm x 25¢cm x 25¢m. Thyc hién lap 03 bo gia
nhiét nam & _phia day bon chua gitp viéc truyén nhiét vao moi truong nude dugc nhanh va
ddng déu. Tong cong suat bo phan gia nhiét la 1000W, dién &p hoat dong 220VAC.

. b) Bo phan gia nhiét ¢) Khuén chira mau bé
a) Bon chua nam & phia day bon tong

Hinh 2. Bon va khuén chira mau bé tong.

Trong Hinh 3 nhém nghién cau da tién hanh khao sat tim duong dic tinh ting nhiét do
ctiia bon chira mau bé tdng nhu sau: Tién hanh gia nhiét 20L nudc tir nhiét do ban dau 18,8°C
v6i 100% cong suat cho dén khi nhiét do dat dugc 100°C thi dung lai. Chu ky Iy mau 1a 10
gidy, duong dac tinh gia nhiét thu duoc c6 dang twong dwong véi phuong trinh tuyén tinh bac
nhét, tong thoi gian gia nhiét 12 11000 gidy ~ 3,05 gio.
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Hinh 3: Khao sat duong dic tinh diéu khién gia nhiét 20L nudc.
Bang 1 thé hién phép so sanh tc do tang nhiét d¢ giira bon chira ma nhom nghién ctu st
dung véi két qua do nhiét d6 cip phdi bé tong bang phuong phap doan nhiét mau 20L [8]. Két

qua so sanh c6 thé khang dinh duoc cong suat va téc do gia nhiét cua bon chtra mau bé téng
ma nhém nghién ctiu st dyung 1a hoan toan dép tmg dugc yéu cau vé tdc do gia nhiét.

Bang 1. So sanh va danh gia toc do gia nhiét.

Thi nghiém doan nhiét Bon chira ma nhom sir dung
mau 20L [8] (gia nhiét 20L nwéc)
Toc dd tang nhiét do 2°C [gio 25°Clgio

trung binh

foam cach nhiét |/

“IMure mréo

Khuon chira
mau bé tong

Cam bién do

| nhiét do nwée
i_'f':““aCém bién do
nhiét dg bé tong

X6p cach nhiét

Mau bé tong

L Gi 3?1 ké thiing dung
' mau bé tong

Bg phan gianhiét

Hinh 4. M hinh bdn thi nghiém do nhiét d6 doan nhiét cho bé tong.
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Hinh 4 12 md hinh bon thi nghiém do nhiét d6 doan nhiét cho bé tdng ma nhém nghién
ctru thiét ké. Khac véi thiét bi do doan nhiét dugc dé& nghi bai Gibbon va cong s, nhém
nghién ctru da sir dung bo phan gia nhiét nim ¢ phia dudi bon. Diém dac biét 13 nhoém nghién
clru da sir dung vat liéu x4p cach nhiét ngan cach giita mau thi nghiém va khuén chira. Viéc
sir dung vat liéu xop cach nhiét gitra mau thi nghiém va khudn chira dé 1am cham lai sy truyén
nhiét gitta mau thi nghiém véi méi truong nude bén ngoai. Khi thir nghiém thuc té, 16p xop
duoc st dung co do day 35mm gidp viéc truyén nhiét gitta mau bé tong va mdi trudng nude la
du cham dé qua trinh diéu khién doan nhiét dat dugc do chinh xac cao.

2.2. Thuit toan diéu khién

Trong Hinh 5 1a minh hoa biéu db nhiét d6 nudc, nhiét d6 mau bé téng va phan nhiét do
bu. Khi phét hién nhiét d6 trong mau bé tong bat dau ting rd rét (vuot qué nhiét do nudce) thi
can phai diéu khién nhiét do nudc cao hon mét lugng Thb (nhiét d6 bu) dé bu nhiét that thoat
tir nude ra thanh binh bén ngoai. Muc dich caa viéc nay 1a ludn tao su can bang vé nhiét gitta
nhiét 6 cia mau bé téng va nhiét dé cua nudc & bén ngoai tai moi thoi diém co xét dén su
mat mat nhiét tir nwdc ra bén ngoai.

80

70

60

50
----Nhiét ¢6 nuéc (Tn)
40

Nhiét d§ (°C)

— Nhiét do bé tong (Tbt)
30

20

thoi gian thuy hoa

10

0
Thoi gian
Hinh 5. Minh hoa biéu d6 nhiét d6 nude va nhiét do bé tong va phan nhiét do bu.
Goi Tot 12 nhiét d6 trong mau bé tong. Bé nhiét lwong Q dwoc bao toan trong thing dung
mau bé tong thi can phai diéu khién nhiét d6 nudc theo cdng thirc sau:
Tn=Tot+ Tb (@8]
Trong d6: T l& nhiét d6 nuac, Ty 1a nhiét d6 bu.
Nhiét ¢ b gitip b mat mét nhiét do viéc truyén nhiét tir nuéc ra thanh binh bén ngoai.
Tr{ = Tzft + Tl: (2)
Véi i 1a budce thoi gian lay mau; i=1,2,3,..n.
Sy bién thién nhiét do bé tong duoc tinh toan theo cong thiac:
"—'*Tz:ft = Tlﬁt - Tz:fr_ . )
Thuc té hién twong thuy hoa c6 thé xay ra ngay tir khi bit dau qua trinh tron mau bé tong,
tuy nhién nhiét twong toa ra la khong dang ke. Sau d6 qua trinh thuy hda s€ dien ra manh dan
va kéo theo sy tang nhiét do caa bé tong den mot nhiét do gigi han T;7%*. Nhiét do nay duoc
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xac dinh khi AT}, <0. Sau do, bang viéc quan sét gia tri nhiét do bé tong To s& danh gia tinh
dung dan cua thuat toan diéu khién bu nhiét.

3. THU NGHIEM VA PANH GIA KET QUA

3.1. So' d6 khdi hé théng

Trong Hinh 6 nhdm nghién ctru da thiét ké so dd khdi hé théng thiét bi do nhiét do doan
nhiét cho bé tdng. Hé théng bao gdm 02 bo diéu khién nhiét d6, bo thir nhét thuc hién doc
nhiét do trong mau bé téng sir dung cam bién loai K v&i dai do tir 0 — 400°C, do phan giai
0,1°C. Bo diéu khién nhiét do thir hai ngoai nhiém vu doc nhiét d6 nuéc con phai thuc hién
diéu khién nhiét d6 nude theo thuat toan diéu khién PID [9], tin hiéu diéu khién tir b diéu
khién nhiét 6 di dén bo van ban dan SSR. Van ban dan SSR 1am nhiém vu cip ngudn cho b
phan gia nhiét. Bo diéu khién l1ap trinh PLC hang Mitsubishi c6 m& Fx3U-16MT déng vai trd
la bo diéu khién trung tam, dwoc nhing thuat toan diéu khién. Bo diéu khién Fx3U-16MT c6
tbc do xur ly 0,065 pS/lénh, bo nhd chuong trinh 64000 1énh, dap Gng tiéu chuan quéc té
IEC61131-2. Bo diéu khién nay duoc tich hop 01 cdng truyén théng RS422 va cho phép ma
rong t6i da 02 mé dun truyén thong RS485. Trong so do khéi & Hinh 6 nhém nghién ciu thyc
hién két ndi mo rong thém 01 mé dun truyén théng RS485 1am nhiém vy truyén théng vai 02
b¢ dieu khién nhiét do st dung giao thirc truyen thong Modbus RTU. Théng qua giao thirc ket
ndi Modbus RTU bé diéu khién PLC s& thuc hién doc vé gia tri nhi¢t do bé tong (Th) va gia
tri nhiét do nudc (Tn). Sau @6, sir dung thuat toan diéu khién dé gan gia tri dat xuéng bo diéu
khién nhiét do tht hai. Gia tri dat cua bo diéu khién nhiét do thi hai dugc tinh theo cong thuc:

SV2=Tw+ Tp (4)

_ Khi gid tri SV2 thay doi, b diéu khien nhiét do s& thuc hién thudt toan diéu khién PID dé
dieu khién nhiét @6 nudc bang véi gié tri SV2.

Internet

TCPIP

Két ndi RS485 Bo diéu khién Iap trinh | Két néi RS422 (D;:le_:fl’i'éﬁ"l;‘)&eb)
PLC Fx3U-16MT ;
Bd VX456 1 Bb VX-4s62
(Do nhiét d§ bé tong) (Do va diéu khién nhiét dd nwic)
- Chu ky lay méu 50 mS - Chu ky 14y miu 50 mS || Vanbén din SSR-25A
- Cam bién: K - Cim bién: Kiéu K, dai do: 0 - 400 d6 C (Piéu khién gia nhiét)
Dii do: 0 - 400 d§ C _Pidu khién PID

Cim bién do nhiét o Cam bién do nhiét b
méu bé tdng ( Ty, nwée (Tu)

Hinh 6. So db khdi hé thdng thiét bi do nhiét ¢6 doan nhiét cho bé tong.
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Thiét bi két ndi Internet V-box E00 cho phép lap trinh thiét ké giao dién diéu khién va
giam st truc tiép trén Web. Hinh 7 1 giao dién theo ddi va van hanh thiét b thi nghiém trén
Web, cic tinh ning chinh cua giao dién bao gom:

i) Hiéu chuan nhiét do: Nhiét dd Tot duoc chuan hoa theo Th.
ii) Cai dat: Nhiét 6 Tp, tham sb bo diéu khién PID.
iii) Giam sat va trich xuét dit liéu: nhiét do Tot, Tn duoc gidm séat theo thoi thuc va
cho phép Iuu trir dudi dang file excel.

Luong dir liéu ¢6 thé luu trir trén Web 1a 10° mau dit liéu trong thoi gian 60 ngay. Chi can
thiét bi c6 két ndi Internet nhu dién thoai, may tinh bang hoac may tinh 1a hoan toan c6 thé
truy cap, theo ddi va van hanh duogc thiét bi thi nghiém. Tinh ning theo ddi va van hanh tir xa
nay 14 rat c6 ¥ nghia khi mdi lan thi nghiém thoi gian kéo dai 1én dén 3-4 ngay lién tuc.

Cai dat Higu chudn nhigt @@ | prp Poc Ghi Giam sat Date & Time Tbt| Tn

e o b2 tong T 13 | oieukiicn ahiet (Rum 2025-02-04 12:17 |39,6 |40,0

record (TGP - . 2025-02-04 12:18 |39,6 |40,0

Tn Toe Ti 150 . 150 Tbi 0.5 |2025-02-04 12:19 |39,6 |40,0

Phanng () 40.1 39. 6 2025-02-04 12:20 |39,6 |40,1

Td 0 0 |[sv2=Tbt+T bu 40.1 |[2095.02-04 12:21 |39,6 |40,1

2025-02-04 12:22 [39,6 |40,0

2025-02-04 12:23 |39,6 |40,0

poC Gia tri lich si 2025-02-04 12:24 |39,6 [39,9

71 betong |2025-02-04 12:25 (39,6 [39.9

45 B2 nuoc  |2025-02-04 12:26 [39,6 [40,0

_______________ 2025-02-04 12:27 |39,6 |40,0

L B T T T 2025-02-04 12:28 |39,6 |40,0

35 2025-02-04 12:29 |39,6 |40,0

30 2025-02-04 12:30 |39,6 |40,1

2025-02-04 12:31 |39,6 |40,1

25 2025-02-04 12:32 (39,6 (40,0

20 2025-02-04 12:33 |39,6 |40,0

2025-02-04 12:34 |39,6 |40,0

15 2025-02-04 12:35 |39,6 |40,0

10 2025-02-04 12:36 |39,6 |39,9

2025-02-04 12:37 |39,6 |39.9

3 2025-02-04 12:38 |39,6 |39,9

0 2025-02-04 12:39 |39,6 |40,0

203550583 20259583 2358582 20759594 20350504 20559504

a HH <> Q no& a

Hinh 7. Giao dién theo ddi va van hanh thiét bi thi nghiém trén Web.

3.2. Thir nghiém va danh gia két qua

Bang 2 la thanh phan cap phdi bé tong ma nhém nghién cau sir dung trong céc lan thi
nghiém [10] va Hinh 8 la cong cac chuan bi, tron mau thi nghiém tuan thu theo mot quy trinh
thong nhat.

Bang 2. Thanh phan cip phdi bé tong (kg/m®).

N/CKD
0,32

Cét
680

Nuoc

170

Tro bay
159

Xi mang

371

P4 5x10 (mm)
1050

Phu gia (kg)
55
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Hinh 8. Céng tac chuan bi, tron mau thi nghiém.

Diéu khién 6n dinh nhiét 9 sir dung thudt toan Xéc dinh nhigt dg bu
%0 diéu khién PID 45
t
70 40 tbiztb2:0,5°c '\-u—-vu~-——-—---.-bg}-
o0 Tham sé PID U35 | ;
& 50 Kp=13 = | '
- Ti=150 =30 ¢ 4 on 5
£ 5, | | Nty
2 30 Sai sb x4c lap +0,2°C £25 | v === T2(nudc) ;
~ 20 ! H H
—T2  ==-=-SetSv2 20 ! 1000 :
10 : et >
0 . | | . . | | S T L P T S S T T T S SR SRS
L 101 201 301 401 501 601 701 1 201 401 601 801 1001 1201 1401 1601 1801
Thoi gian (1 phit) Thoi gian (1 phat)
(@ (b)
Didu khién bu nhiét cho thi nghiém doan nhiét
80
75

—— T1 (bé tong)
-—-- T2 (nudc)

Nhiét d6 (°C)
&

20
1 101 201 301 401 501 601

Thoi gian (0,1 gio)

©
Hinh 9. Thir nghiém va danh gia két qua.
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Hinh 9 thé hién qua trinh thir nghiém va danh gia két qua, bao gom:

a) Thu nghiém va diéu chinh tham s6 bo diéu khién PID: Céc tham sb Kp, Ti, Ta dugc
chon la phu hop, hé thong cho chat lugng diéu khién tot véi sai so xac lap tinh la
+0,2°C. Nhiét 3o nuéc bam vai nhiét do dat SV2 = 70°C.

b) Tim gia tri To: thuc hién 02 lan ting nhiét d6 Tn va quan st nhiét do Tor déu thu duoc
Tp = 0,5°C. Nhiét d6 bu nay duogc khao sat trude khi thuc hién thi nghiém do nhiét do
doan nhiét cho bé tong. Gia tri Ty duoc x4c dinh tly thudc vao mé hinh bon thi nghiém
cu thé duoc ché tao.

¢) Thir nghiém va danh gia hé thong vai thuat toan didu khién bl nhiét: Qua trinh thay
hoa dién ra trong khoang 40h, sau thoi gian nay nhiét do Tet duoc gitt nguyén gia tri ~
75,0°C, qua d6 cho thay thuat toan diéu khién b nhiét 1a phi hop. Két qua thir nghiém
dang véi dir liéu da co trong tai liéu tham khao [10].

4. KET LUAN

Nhom nghién cau da dua ra thuat toan diéu khién bl nhiét, thiét ké va ché tao thiét bi thi
nghiém do nhiét do doan nhiét cho bé tdng mot cach hoan chinh. Viéc tich hop cac thiét bi
nhu bo diéu khién nhiét do, thiét bi két ndi internet, bo diéu khién PLC da gidp viéc ché tao
thiét bi trd nén nhanh chéng, hoat dong tin cay, nhiéu tién ich ma van dam bao chi phi hop ly.
Két qua nghién ciru ciia nhom tao tién dé dé cac phong thi nghiém vé linh vyc cong trinh tai
Viét Nam c6 thé chu dong thiét ké va ché tao thiét b thi nghiém do nhiét d6 doan nhiét cho bé
tong.

LOI CAM ON

Nghién ctu nay duoc tai tro boi Trudng dai hoc Giao thong van tai trong dé tai ma sb
T2024-TTKHCN-001.

Nhom nghién cau xin chan thanh cam on céc thi nghiém vién Phong thi nghi¢ém cong
trinh - Trung tdim KHCN GTVT da ho trg nhdm nghién ctu trong qué trinh thuc hién nghién
ctu thyc nghigém.
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